cally shortened with the use of spiral CT scanners, so that only a few minutes are required per examination. In comparison, the patient has to lie still for about 30 min for examination with the conventional tomography machine [19] . The quality of two-dimensional (2D) CT reconstructions can be optimized by adjusting the thickness of the cuts [1, 11, 18] . Fractures in the axial plane that can theoretically be missed by the older sequential CT scanning techniques are better visualized using the newer spiral technique, where the slice thickness can be adjusted to 1 mm each. Additionally, the soft tissues around the spine can be examined for evidence of trauma such as edema, hematoma or disc disruption [11] . Magnetic resonance imaging (MRI) is superior to CT in the evaluation of the soft tissues, especially for diagnosis of injury to neural structures. However, for the diagnosis of fresh odontoid fractures, i.e. detecting the interruption of the cortex, the fracture line and loose bone fragments, CT has been found to be better than MRI. There is still a role for MRI in the investigation of pathological fractures or odontoid non-unions [4, 20] .
The purpose of this study was to assess the comparative value and therapeutic relevance of standard radiography, conventional complex motion tomography and computerized tomography with and without 2D reconstructions in the diagnosis of odontoid fractures.
Materials and methods
Over a 42-month period (from May 1995 to November 1998), 31 patients with acute odontoid fractures (diagnosis was made within 10 days of the injury) were included in this prospective study. The average age of the 15 women and 16 men was 56.8 years (median 58 years, SD 24.1 years, min. 18 years, max 88 years). Fractures secondary to pathological conditions such as tumors or inflammatory diseases were excluded. Besides the conventional radiographic investigation (A/P, lateral and transoral views), spiral CT (Somatom Plus 4, Fa. Siemens, Erlangen, Germany) was performed using the following parameters: table advance 1.5 mm, slice thickness 1 mm. In all cases the scan included the segments from occiput to the C3 level. Reconstructions in the sagittal and coronal planes were calculated. Additionally, all patients underwent a conventional complex motion tomogram in two planes (56 kV, 64 mA, slice thickness 2 mm, exposure time: 5 s/slice, Optiplanimat, Fa. Siemens, Erlangen, Germany). Furthermore, a control group of 13 patients (11 men, 2 women; average age 48.7 years, median 45 years, SD 18.5 years, min. 27 years, max 83 years) without odontoid pathology were examined in an identical manner. Within this group, six patients had suffered a pars interarticularis fracture of C2 (Hangman's fracture), four patients had isolated C1 fractures, and three had neoplastic changes in the lateral body of C2.
Thus, five different clinically experienced observers (three orthopedic traumatologists and two radiologists) reviewed the radiological investigations of all 44 patients.
The observers in a random fashion reviewed each of the four investigations for every patient, so that each observer reviewed a total of 176 investigations independently. No information regarding the history of the patient was given. The presence of a fracture was judged as "certain yes", "probable", and "certain no" for each investigation. The results of the observers were statistically correlated with the actual findings using the κ test [12] . A fracture of the odontoid was ruled out in the absence of clinical symptoms and a normal plain tomogram. When the results of these investigations were questionable, functional examinations of the cervical spine with the help of fluoroscopy as well as follow-up examinations were performed to rule out instability. This was required in 4 of the 44 patients.
Specificities and sensitivities of the four different diagnostic modalities were calculated.
The fractures were classified according to the Anderson and d'Alonzo classification [3] . The interobserver reliability of this classification scheme was assessed. There were ten possible combinations for each diagnostic modality. The κtest was used to correlate the results between the different observers. At the same time, the observers rated the certainty of their finding as "uncertain", "probable", and "sure" (uncertain=0, probable=1, sure=2). 
Results
All of the results for each observer are summarized in Table 1, Table 2 , Table 3 , and Table 4 . The average sensitivity and specificity for plain tomography were 85.2% and 95.4%, respectively (Table 5) . For the CT reconstructions, the sensitivity and specificity were 95.5% and 93.8% (Table 6 ).
The average sensitivity for the recognition of a fracture with plain radiography alone was 63.8% and for axial CT cuts, 71%. The specificity for conventional X-rays was 46.2%, whereas it was 93.8% for the axial CT slices ( Table 7, Table 8 ).
With respect to the correlation of the various diagnostic methods to the actual pathology, the coefficient of correlation was κ=0.774 for the conventional tomography and κ=0.907 for the CT reconstructions (Table 5, Table 6 ). The conventional radiographs clearly had a poorer correlation, with a coefficient of 0.364, and the axial CT cuts correlated with a coefficient of 0.627 (Table 7, Table 8 ).
In the assessment of the fracture pattern none of the observers diagnosed a type 1 fracture according to the classification of Anderson and d'Alonzo.
The average coefficient of correlation for the interobserver comparison with regard to the fracture pattern was found to be κ=0.580 for the conventional radiographs and κ=0.804 for the axial CT cuts ( Table 9 ).
The coefficients of correlation for conventional tomography and CT reconstruction were similar at κ=0.743 and κ=0.725, respectively.
The average confidence level, describing the certainty of their own assessment, was 1.65 for the CT reconstruction and 1.66 for the conventional tomography. The results for conventional radiographs (0.83) and the axial CT cuts (0.77) were clearly lower (Table 10) .
Discussion
The radiological investigation of odontoid fractures includes A/P and lateral as well as transoral radiographs of the cervical spine (Fig. 1) . The lateral view alone is diagnostic in 80% of odontoid fractures [7] . Conventional tomography is still considered the standard investigation of choice for these injuries when a more detailed work-up is required to clarify a questionable radiograph or to gain a better understanding of the fracture pattern [6] . Although conventional tomography delivers excellent visualization of the bony details, a single examination takes 20-30 min [19] . During this period, the patient should lie in the lateral decubitus position to get the optimal picture quality [7] . This is difficult or even impossible for many patients during the acute work-up of an odontoid fracture [1] . The advantages of the conventional tomogram as an adjunct to the usual investigations for cervical spine injuries are well documented in the literature [17, 19] . Investigations by Ehara et al. have shown that in 6% of cases the odontoid fracture was not seen on conventional radiographs and could only be visualized using tomography [7] . In addition, they also found that the fracture pattern could be better visualized with the tomogram, giving important information for the selection of the best therapeutic intervention.
Over the last two decades, CT has established itself as the new standard diagnostic tool for fractures of the spine [1, 8, 10, 16, 17, 22] .
CT offers excellent definition of osseous structures and facilitates positioning of the patient compared to conventional tomography [2] . The short data acquisition times, especially with the newer spiral scanners, as well as the possibility of reconstructing the image in any plane, are considerable advantages of computer-assisted tomography. In this fashion, the upper cervical spine can be scanned in less than 2 min. The steadily improving software allows easier and faster manipulation of the acquired data [11] . On a modern scanner (Siemens Somatom Plus 4), approximately 10 min are required to obtain 2D reconstructions in addition to the 2 min scanning time.
To date, there are no scientific studies to validate the effectiveness of CT as a diagnostic tool for upper cervical fractures in comparison to conventional tomography. Because of the technical advantages of CT, it is of great clinical significance to compare it to conventional tomography in terms of demonstrating the exact fracture pattern. In the past, CT has been criticised for the potential of missing fractures that happen to run in the axial plane exactly between two cuts [6] . With the more modern spiral scanning technique, however, the entire region to be examined is scanned in a screw-like fashion, so that no gaps appear between cuts. As it is not possible to print out a spiral shaped picture, some information is lost during the printing of the axial cuts. Because of this, many authors insist on sagittal reconstructions [5, 11, 15, 18] . Fractures in the axial plane that are not visible on the print out of the axial pictures are thus visualised on the sagittal or coronal reconstructions. The widespread suspicion that the radiation dose of a CT examination exceeds that of a conventional tomogram investigation is unfounded. The radiation dose for each CT cut is 0.03-0.04 Gy. A maximum twofold increase in the total dose per surface area, independent of the number of segments scanned, can be delivered due to minimal radiation scatter [14] . In contrast, the dose per cut with the conventional tomography machine is 0.011 Gy. However, it is important to bear in mind that the radiation dose increases in an arithmetic fashion, since the entire cervical spine is exposed to an extensively scattered radiation beam for every cut. In this manner, the dose for ten cuts with the conventional tomography machine is 0.11-0.13 Gy. The dose to the thyroid gland is therefore much lower for a CT examination than for a conventional tomogram examination [1] .
Movement of the patient during a CT investigation can lead to misinterpretation of the pictures. The distorted images can simulate fractures when there are none present [18, 21] . In the patient population presented in this study, conventional tomography was found to have a lower specificity than the reconstructions of the CT. An intact odontoid, therefore, would be judged as such with greater probability on the basis of a CT reconstruction.
The small number of patients in this study (N=44), has to be viewed critically. However, other studies have similarly small numbers of patients, ranging from 3-50, and most of these are retrospective in nature [5, 7, 8, 15, 18] .
Another criticism of this study is the manner in which the actual diagnosis is made. The definitive proof of a fracture is the direct visualisation of the fracture. This is rarely possible during anterior screw fixation, since usually only the bottom border of C2 for the entry point is visualised intra-operatively. With a posterior approach, the fracture is not seen either. Additionally, some of the fractures did not require operative treatment. As far as radiological investigations are concerned, conventional tomography has been considered the gold standard to rule out a fracture [1, 13, 19] . Still, there are fractures where the conventional tomogram is not clearly diagnostic (Fig. 2) . In such cases, all the imaging investigations have to be considered together. Therefore, for the purpose of this study, the definitive diagnosis was taken to be the collective consensus of the five observers after reviewing all investigations for each patient (standard radiography, conventional [8] . In these four patients, no fracture was found, even on follow-up examination. MRI can also be used as a diagnostic modality when the diagnosis is in question [4] .
In considering the results, the axial cuts gave the best interobserver agreement with the fracture classification, with a coefficient of correlation of κ=0.804. However, the observers had the least confidence in their diagnosis with this modality, with a confidence level of 0.77. One can therefore assume that axial CT shows best whether or not the fracture extends into the basis of the odontoid. The lack of diagnostic confidence on part of the observers appears to be secondary to the fact that the information presented by sequential cuts only offers limited reliability. The diagnostic certainty was clearly higher with CT reconstructions (1.65) as well as for conventional tomography (1.66). The exact fracture configuration is important in the therapeutic decision making process, since the specific operative intervention depends on the morphology of the fracture.
Conclusion
On the basis of this study, it was demonstrated that a diagnosis of an odontoid fracture can be made using computer tomography, including sagittal and coronal reconstructions, with the same diagnostic certainty as using conventional tomography. Taking all factors into consideration, including radiation exposure and technical feasibility, one can conclude that CT with 2D reconstructions can replace conventional tomography as the gold standard in the diagnosis of odontoid fractures.
